Background-Current evidence does not clearly identify the contribution of kidney function decline and mortality to racial disparities in ESRD incidence. We used observed eGFR to project the time of onset of kidney failure and examined mortality to better understand these racial disparities.
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In the United States, blacks have by far the greatest risk of end-stage renal disease (ESRD). 1 Increased rates of ESRD also exist in Native Americans and Asians (ancestry from the Far East, Southeast Asia, or the Indian subcontinent 2 ) compared to whites, and in Hispanics compared to non-Hispanics. 1 While progress has been made, previous studies have not clearly identified the epidemiologic forces driving these racial disparities in ESRD incidence. To date, there has been little evidence that racial differences in kidney function decline or in mortality are of sufficient magnitude to explain the disparity. The difficulty in demonstrating differences in kidney function over time between groups is due, in part, to the wide variation in progression of kidney disease. 3, 4 Even among those with chronic kidney disease (CKD), only about 20%-25% of patients experience progression of disease, and only a few percent reach ESRD within several years of follow-up. 3, 5, 6 Moreover, in patients with CKD, death prior to ESRD is more common than ESRD, [5] [6] [7] [8] and ESRD incidence rates are affected by the competing risk of death. 9 Whether a patient reaches ESRD within any given period thus depends on race, the initial kidney function, rate of change in kidney function, and survival.
In this study, we aimed to untangle kidney function decline and survival as epidemiologic forces driving the disparity in ESRD incidence across a range of kidney function. To this end, we examined racial differences in projected kidney failure based on linear decline in estimated glomerular filtration rate (eGFR). We then examined survival among the subgroup of patients with projected kidney failure during the study period. Given that blacks have the highest ESRD incidence, we hypothesized that blacks would have a higher risk of projected kidney failure, and that among those with projected kidney failure, blacks would have lower mortality.
METHODS

Design, Setting, and Participants
We conducted a retrospective cohort study of members of Kaiser Permanente Southern California, an integrated health system with 3.4 million members at thirteen medical centers and 197 medical offices throughout Southern California. All members have very similar coverage benefits and a limited range of co-payments for services and medications. Participants (Figure 1 ) include those who were enrolled in the health system for >1 month from 1 st Jan 2003 to 31 st Dec 2009 and had >2 serum creatinine tests not obtained during ESRD therapy. Participant age was restricted to >17 years at the time of the study entry serum creatinine test. The study protocol was reviewed and approved by the Institutional Review Board of Kaiser Permanente Southern California; a waiver was granted for informed consent.
Outcomes and Covariates
Outcomes included (1) death without experiencing ESRD, and (2) ESRD, defined by the date of initiation of hemodialysis, peritoneal dialysis, or kidney transplantation. Mortality data came from California death certificates and the Social Security Death Index. All members undergoing dialysis are tracked by the health system's Renal Program. Information for this tracking comes from required referral forms, which are regularly reconciled with internal dialysis unit census and outside claims. 10 Participants given temporary dialysis, in which dialysis was no longer necessary and was stopped, are tracked and were not considered to have ESRD. A dialysis start within one day of death was counted as a death. Health system disenrollment was defined as a lapse in membership for two or more months regardless of future re-enrollment.
Race and ethnicity (hereafter referred to as race) data were available from health system records for 91% of those with >2 serum creatinine tests. We included members who were Hispanic, non-Hispanic Asian (including Pacific Islanders), non-Hispanic black, and non-Hispanic white. We did not include three additional groups for the following reasons: the number of Native Americans was too small to generate stable estimates; people of multiple races were excluded because GFR estimation was not clearly defined; and persons of "other" race did not have interpretable results.
Kidney function was estimated using the CKD Epidemiology Collaboration (CKD-EPI) creatinine (2009) equation, which calculates eGFR from serum creatinine concentration, age, sex, and black vs. non-black race. 11 We excluded tests taken on the day of death or ESRD. When a series of tests were linked by dates within 7 days of any other, we took the median value and date of the series. The entry eGFR during the study period was required to be >15 mL/min/1.73m 2 . The time between the entry and last eGFR was required to be >180 days.
The overall rate of change in eGFR (mL/min/1.73m 2 per year) was determined by the ordinary least squares regression line for each participant. Using the regression line, we stratified participants into higher and lower risk of ESRD. Higher risk participants were those with projected kidney failure based on a predicted eGFR <15 mL/min/1.73m 2 (CKD stage 5) by a specified time point. We examined time frames of one, three, and five years after the participant's entry eGFR. We also examined the time frame of the study period, which ended on 31 st Dec 2009. By examining mortality in the subgroup with projected kidney failure within the study period, we gained insight into the influence of the competing risk of death on disparities in ESRD incidence. 12
Statistical Analyses
Our goal was to estimate the contribution of eGFR decline and survival on the age-and sexadjusted disparity in ESRD incidence rates. We also report unadjusted rates because these represent actual population differences and the full burden of disease. Racial differences were examined in all analyses. Participant characteristics were compared across race groups with the chi-square test and the Kruskal-Wallis test. The distributions of entry and last eGFR, and eGFR slopes, were compared using the Kolmogorov-Smirnov equality-ofdistributions test.
The risk of having projected kidney failure within one, three, and five years, and within the study period, was determined using logistic regressions with adjustment for age, agesquared, sex, and entry eGFR as a categorical variable (15 mL/min/1.73 m 2 per year increments, from 15 to ≥90). These risks were estimated for participants with entry eGFR above and below 60 mL/min/1.73m 2 with the introduction of interaction terms in the model.
Likelihood ratios were used to assess how well projected kidney failure within the study period differentiated those who started ESRD therapy during the study period. ESRD rate ratios for each race group vs. whites, adjusted for age, sex, and entry eGFR, were estimated using the Mantel-Haenszel method. Rates of ESRD and death were determined in those with and without projected kidney failure within the study period.
The risk of death by race in those with projected kidney failure within the study period was estimated with competing risks proportional hazards regression, with ESRD as the competing risk, and adjusted for age, age-squared, sex, and entry eGFR. 13 The risk of death by entry eGFR above and below 60 mL/min/1.73m 2 was determined through the introduction of interaction terms into the model. The proportional hazards assumption was confirmed for race groups using plots of survival function vs. time.
Evidence for a healthy survivor effect that might influence racial disparities in ESRD incidence was sought by examining the probability of dying in each eGFR strata among those with projected kidney failure within the study period. Among those who died, we used multinomial (categorical) logistic regression models with adjustment for age, sex, and entry eGFR to estimate the marginal probability of death in each eGFR stratum, with covariates fixed at their mean values. Thus, the probability of death across all eGFR strata added to one.
In sensitivity analyses, we performed weighted regressions to compensate for uncertainty in the prediction of eGFR due to variation in the number of serum creatinine tests per subject. When a patient's predicted eGFR at a specific time was <15 or >15 mL/min/1.73m 2 , the assigned weight was the probability of an eGFR <15 or >15, respectively. The probability was calculated using the standard t-score derived from the estimate, a sample mean of 15, and the standard error of prediction. The coefficients of weighted regression varied only slightly (maximum, 7%) from the unweighted regressions with no change in interpretation; thus, only unweighted results are reported to give equal importance to subjects who may utilize less health care.
We did not adjust for kidney disease type or health status covariates that vary by racial group (e.g., diabetes, hypertension, proteinuria) since these factors are in the causal pathway and adjustment for them would attenuate our estimates of racial differences that may contribute to disparities in ESRD incidence. All analyses were conducted by the research team using SAS EG 4.3 (SAS Institute Inc, Cary NC) and Stata 11.2 (StataCorp LP, College Station, TX).
RESULTS
Among the 1,119,816 members of the study cohort, there were 526,498 whites, 350,919 Hispanics, 136,923 blacks, and 105,476 Asians. The race distribution of the source population and the study cohort are shown in Table 1 . Characteristics of participants by race are listed in Table 2 . Given the large population sizes, statistically significant differences were observed in one or more race groups for all variables. For example, Whites tended to be older (mean age, 58 years) and Hispanics younger (mean age, 48 years). There were proportionately more females among blacks (63%) and fewer among whites (55%). Blacks had the longest membership enrollment time (mean, 10.1 years) while Hispanics had the shortest (mean, 6.1 years). The number of serum creatinine tests was lowest in Hispanics (mean, 8) and highest in blacks and whites (mean, 10).
The distribution of both entry and last eGFR varied by race and ethnicity (P<0.001 for all combinations). For both entry and last eGFR, a larger proportion of whites had eGFRs in the 30-74 mL/min/1.73m 2 range. Both blacks and whites more commonly had eGFRs below 30 mL/min/1.73m 2 than Hispanics and Asians; Hispanics and Asians more commonly had eGFRs above 90 mL/min/1.73m 2 . The median percentage change in eGFR was similar in all race groups (range, −3.7% to −4.3% per year), although the distributions were not identical (P<0.001). The distribution of eGFR regression slopes (mL/min/1.73m 2 per year) varied by race and ethnicity (P<0.001 for all combinations). Blacks had more extreme rates of eGFR decline ( Table 2, The proportion of subjects with a projected kidney failure within one, three, and five years was greater in blacks (0.25%, 1.39%, and 3.00%) followed by whites (0.13%, 1.14%, and 2.74%), Hispanics (0.13%, 0.90%, and 2.14%), and Asians (0.12%, 0.84%, and 1.98%). The adjusted (age, sex, entry eGFR) risk of projected kidney failure was highest in blacks and lowest in Asians (Table 3 ). Racial differences in risk were attenuated across increasingly greater time horizons for kidney failure of one, three, and five years. There were 25,065 white, 11,368 Hispanic, 6,785 black, and 3,176 Asian participants with projected kidney failure during the study period. The risk of projected kidney failure within the study period was substantially higher among non-whites when the entry eGFR was below 60 mL/min/ 1.73m 2 : the ORs of projected kidney failure by race vs. whites were 1.54 (95% confidence interval [CI], 1.46-1.62) in blacks, 1.49 (95% CI, 1.42-1.56) in Hispanics, and 1.41 (95% CI, 1.32-1.51) in Asians.
Projected kidney failure during the study period was useful to differentiate those who entered ESRD; the positive likelihood ratios by race were as follows: Asians, 37.3; blacks, 22.6; Hispanics, 34.4; and whites, 20.4. The age-and sex-adjusted ESRD incidence rate ratios by race vs. whites were 2.47 (95% CI, 2.29-2.66) in blacks, 2.23 (95% CI, 2.08-2.39) in Hispanics, and 2.03 (95% CI, 1.84-2.24) in Asians. Unadjusted rates of ESRD and death in the total cohort and by projected kidney failure within the study period are shown in Table 4 . ESRD rates were highest in the black population (16.6/10,000) and lowest in the white population (6.7/10,000). Death without experiencing ESRD was more common in the white population (166.7/10,000) and least common in the Asian populations (52.6/10,000). Even in the group with projected kidney failure within the study period, death was seven times more common than ESRD in whites and about twice as common in Hispanics, Asians, and blacks.
The adjusted (age, sex, entry eGFR) risk of death among those with projected kidney failure within the study period is summarized in Table 5 . With the exception of blacks who had an entry eGFR>60 mL/min/1.73m 2 , the risk of death was always clearly higher in whites. The HRs for death by race vs. whites were 0.93 (95% CI, 0.89-0.98) in blacks, 0.73 (95% CI, 0.70-0.77) in Hispanics, and 0.65 (95% CI, 0.60-0.70) in Asians. Differences between whites and other race groups increased when the entry eGFR was <60 mL/min/1.73m 2 .
Racial differences were observed in the probability distribution of the eGFR strata in which death occurred ( Figure 2 ). Relative to other race groups, deaths in Hispanics tended to occur more often at the lowest eGFR strata (15-29 mL/min/1.73m 2 ). Deaths in whites tended to occur relatively less often at the lowest eGFR strata and more often at eGFR 30-59 mL/min/ 1.73m 2 .
DISCUSSION
In this cohort study we developed an approach which focused on patients at higher risk of ESRD to examine the forces driving racial disparities in ESRD incidence. Patients with projected kidney failure were defined by an eGFR decline sufficient to reach CKD stage 5 (eGFR <15 mL/min/1.73m 2 ) during a specified period. We demonstrated that blacks were at highest risk of projected kidney failure. Hispanics and Asians were also more likely than whites to have projected kidney failure from CKD stages 3 and 4 (eGFR 15-59 mL/min/ 1.73m 2 ). We then examined racial differences in mortality among those with projected kidney failure during the study period and demonstrated greater mortality among whites in CKD stages 3 and 4. These racial differences in eGFR decline and mortality among those at higher risk of ESRD appeared large enough to explain much of the disparities in ESRD incidence.
National prevalence estimates show a relative reduction in the point-in-time prevalence of mild to moderate kidney disease among blacks 14 that is consistent with racial differences in rates of kidney function decline. 9, 15, 16 Our study cohort has a similarly lower proportion of blacks, but also Hispanics and Asians, with initial study eGFRs of 45-89 mL/min/1.73m 2 . Equally striking is the lower proportion of whites at eGFR >90 mL/min/1.73m 2 . The observed prevalence distribution makes sense if whites are less likely to be in rapid decline at lower eGFR, since the time spent in each CKD stage and thus the point prevalence would be inversely proportional to the rate of kidney function decline. This possibility is supported by the lower risk of projected kidney failure we observed among whites in CKD stages 3 and 4. The lower risk of projected kidney failure above eGFR 60 mL/min/1.73m 2 among Asians, and to a lesser extent Hispanics, similarly suggests that rapid eGFR decline is less common in these race groups, prior to CKD stages 3 and 4.
Recent studies examining kidney function change and patient survival to explain racial disparities in ESRD incidence provided additional insights but also raised questions. In a study by Kovesdy, et al. of 1,243 male veterans with moderately to severely decreased kidney function (most had eGFR<45 mL/min/1.73m 2 ), pre-dialysis mortality was lower in blacks (unadjusted HR, 0.75). 17 Their data suggested that survival differences provided the best explanation for the racial disparity in ESRD, given minimal differences in kidney disease progression. In a study of 2,015,891 veterans, Choi, et al. found an increased mortality risk among blacks, after adjustment for age, gender, common comorbidities, and socioeconomic status indicators. 18 These authors suggested that kidney function decline was primarily responsible for racial disparities in ESRD incidence, although the difference in rates was on average <1 mL/min per year in CKD stages 3 and 4. The differing results of these studies may be due to differences in cohorts, eGFR distribution, adjustment for covariates, and the use of analytic methods that focus on central tendency vs. individual variation. By approaching the problem differently, we found an increased risk of projected kidney failure among blacks, Asians, and Hispanics during CKD stages 3 and 4, affirming the importance of eGFR decline. Our findings also clearly point to higher mortality among whites with projected kidney failure during CKD stages 3 and 4.
Whether a survival advantage contributes to the increased incidence of ESRD in blacks has been a source of debate. Greater mortality across the stages of CKD prior to ESRD has been reported among blacks in our health system and in other cohorts. 9, [18] [19] [20] Among those with projected kidney failure within the study period, whites had the highest risk of death. Although any deaths in those at higher risk of ESRD may affect ESRD incidence, we did not determine what proportion of these deaths were attributable to CKD. The observation of reduced mortality among blacks as CKD progresses to ESRD has suggested a healthy survivor effect. 9, 17, 20, 21 In this scenario, early mortality due to CKD-related cardiovascular disease could create a culling effect that results in "healthier" patients in the later stages of CKD who survive longer during ESRD. A healthier black population in late stage CKD is supported by the observation that longer survival among blacks on dialysis is attenuated by case-mix adjustment. 22 We examined the last eGFR among those with a projected kidney failure and found no evidence of increased mortality at higher eGFR levels and decreased mortality at lower eGFR levels in any group, with the possible exception of whites.
The increased prevalence of diabetes and hypertension (the two leading causes of ESRD in the U.S.) among blacks and Hispanics contributes to, but does not fully explain, at least in blacks, the increased rates of ESRD in these populations. 1, 20, 23, 24 The discovery of apolipoprotein L1 gene variants may explain, in part, progressive decline in kidney function in blacks with hypertension. 25 This study suggests that there is another disparity -increased morality during CKD stage 3 and 4 -in which whites are at highest risk and Asians at lowest risk. One hypothesis is that diabetes and hypertension control helps prevent eGFR decline during CKD stages 3 and 4 in whites, while mortality due to CKD-related cardiovascular disease continues to progress further in whites relative to other races, especially Asians. Some assumptions were necessary to use eGFR decline and projected kidney failure to assess the influence of the competing risk of death on ESRD disparities. For simplicity we modeled a linear eGFR trend and assumed that the trajectory would continue without change after the last serum creatinine test. The assumption of a linear trend was justified by additional analyses in which a quadratic term was found to be significant (P<0.05) in only 10% of participants, with no differences by race. We assumed that projected kidney failure would have similar accuracy to predict ESRD among those who died had death been avoided longer, and among those who disenrolled had they stayed in the health system longer. Projected kidney failure depended on sufficient serum creatinine tests. The utility of eGFR decline to separate individuals at higher risk of ESRD in a clinical setting could vary substantially from our results.
Sensitivity analyses with different restrictions on serum creatinine tests were conducted. Racial differences in eGFR trajectory did not substantially change when we used only outpatient serum creatinine tests or excluded tests within 30 days of death, when kidney function may be compromised by multiple organ system failure.
In this study, the source population was not systematically screened for CKD, which represents a potential limitation; however, serum creatinine tests done for clinical reasons seem to identify most individuals with decreased kidney function in our health system. 9 Moreover, essentially all new ESRD patients in our health system have serum creatinine tests prior to the start of therapy. The GFR estimating equation may not apply well to some populations outside of the development and validation samples. The CKD-EPI equation performs well in Hispanics and appears to predict outcomes more accurately than the Modification of Diet in Renal Disease (MDRD) Study equation in Asians. 26, 27 This study included participants from a large, regional integrated health system and therefore may not be representative of the larger US population. Diversity in the Asian and Hispanic population between Southern California and the rest of the U.S. could limit generalizability to other Asian and Hispanic populations. 28 Our comparison of Hispanics to non-Hispanic whites is not equivalent to a comparison of Hispanics to non-Hispanics, which would include many non-whites. 29 Comparing persons with equivalent health insurance is expected to minimize disparities between race groups that are more or less insured, such as whites and blacks. 30 While this may limit generalizability, it represents a particular strength of this study in that comparisons between races are much less confounded by health care access.
In this population with equivalent health insurance, ESRD incidence rates were higher in Asians, blacks, and Hispanics relative to whites. ESRD rates were influenced by increased eGFR decline among blacks, Hispanics, and Asians, augmented by increased mortality among whites. These racial differences were greatest during CKD stages 3 and 4. Elucidating the reasons for these differences, such as control of CKD and cardiovascular disease risk factors, may reveal ways to help reduce disparities in ESRD incidence and improve CKD outcomes, regardless of race. Probability of death by race while in each eGFR strata below 90 mL/min/1.73m2 in those with projected kidney failure during the study period. Note: Characteristics were compared using the chi-square test (gender) and the Kruskal-Wallis test (all variables except gender and eGFR strata) and the Kolmogorov-Smirnov test (eGFR strata and slopes). All comparisons showed differences between one or more race/ethnic groups (P<0.001). Unless otherwise indicated, values for categorical variables are given as number (percentage); values for continuous variables, as or mean +/− SD or median [IQR].
1
Age of the study cohort was defined at the time of the first available serum creatinine test during study period. Outcomes during study period by race and projected kidney failure within study period. 
